The decreasing number of students who are engaged in science learning has been recognised as a problem. The pre-conditions of engagement and actual engagement were examined using a novel research method to obtain detailed information on Finnish students' engagement in different situations and to gain a better understanding of this phenomenon. The study's participants consisted of 68 students (31 girls, 37 boys) from 9 th grade and 67 students (46 girls, 21 boys) from 1st grade in upper secondary school. The research aimed to answer the following question: How does Finnish students' engagement occur in exact and life science lessons? Participants received smartphones equipped with a smartphone application that included an experience sampling method questionnaire. The smartphones were programmed to emit a signal during every science lesson and otherwise randomly [193] 11(2), 2015 during the day (from 8 am to 8 pm) . The results reveal that situation and grade had significant effects on students' pre-conditions of engagement and actual engagement. Our results also show that girls had the highest interest in life science lessons and boys in exact science lessons.
Introduction
Engagement, motivation and interest have been widely studied in the fields of psychology and education (e.g. Eccles & Wang, 2012; Fredricks, Blumenfeld & Paris, 2004; Fredricks & McColskey, 2012; Upadayaya & Salmela-Aro, 2013; Viljaranta, Nurmi, Aunola & Salmela-Aro, 2009 ). Moreover, students' engagement and interest has been studied in science lessons (e.g. DeBacker & Nelson, 2000; Kumar, 1991; Osborne, Simon & Collins, 2003) , especially in physics (e.g. Bennett, 2005; Lavonen, Meisalo, Byman, Uitto & Juuti, 2005) . Osborne et al. (2003) argue that students' interest in, motivation and attitudes towards school science and their beliefs as learners are important for their engagement in science learning and can have positive effects on the quantity and quality of learning outcomes. However, students' situational engagement in science lessons has rarely been examined as a way of identifying the pre-conditions of engagement and the level of engagement. Students behave differently in various science subjects; therefore, we divided the latter into two categories: chemistry and physics as the exact science subjects and biology as a life science subject.
One widely adopted approach is to define engagement in the context of the flow theory. According to Csikszentmihalyi (1990) , flow is an optimal experience which includes a deep sense of enjoyment. These moments are not passive and seem to occur when a person stretches body or mind to its limits in a voluntary effort to gain something difficult or worthwhile-in other words, challenging. Flow entails the attempt to achieve a goal because it is intrinsically rewarding (Csikszentmihalyi, 1990) . To achieve flow, students must have high levels of skill and (situational) interest and be challenged by the task, elements which are considered pre-conditions for flow. This definition of engagement has been expanded to include (situational) interest from flow theory (Csikszentmihalyi, 1997) . If these pre-conditions are present, students can enter flow state. The relationship between pre-conditions and engagement is shown in Figure 1 and was based on the literature review conducted by principal investigation (PI) Barbara Schneider during Eager Project Previous studies (e.g. Jimerson, Campos & Greif, 2003; Schaufeli, Martínez, Pinto, Salanova & Bakker, 2002) typically were conducted using surveys in which students were asked to recall science learning situations. To obtain detailed information on pre-conditions which lead students to be engaged in the science classroom, we believed that their engagement should be measured immediately when it occurs. Therefore, in this study, we assumed that more authentic and detailed measurements could be captured with the experience sampling method (ESM) and smartphones. We employed a novel research method, along with a questionnaire used in the Eager Project 1 . Our aim was to find out how Finnish students' engagement occurs in exact (chemistry and physics) and life sciences (biology). To 1 The Eager Project is a collaborative international project (2013) (2014) (2015) funded by the Finnish Academy (€200,000) and the National Science Foundation (US$299,766). Finnish Students' Engagement in Science Lessons [194] 11(2), 2015 do so, we compared pre-conditions of engagement and actual engagement for student participants grouped by gender and grade in different situations, using z-scores for the means (M) and standard deviations (SD), Pearson's correlations and multivariate analysis of variance (MANOVA).
Pre-conditions of engagement
According to previous studies, students' interest is an important factor in predicting their engagement and learning outcomes (Singh, Granville & Dika, 2002 ). Interest in a task seems to occur when students enjoy performing it, and it is combined with optimal cognitive experiences, for example, students' belief that the task is meaningful for them (Krapp, 2002; Schiefele, 1992) . A contradiction has been found between students' interest in science in general and in school science in particular (Osborne et al., 2003) . Both teachers and students perceive the value of science and technology as essential aspects of contemporary society and the future which make our lives healthier, easier and more comfortable and our work more interesting (Oscarsson, Jidesjö, Strömdahl & Karlsson, 2009) . At the same time, students consider school science uninteresting but acknowledge the value both of science itself and of different science subjects. For example, secondary school students' main reason for studying chemistry is to prepare for their postgraduate studies and working life (Vesterinen, Aksela & Rantaniitty, 2013) .
The concept of interest can be approached from two major viewpoints: interest as a characteristic of a person (personal interest) and interest as a psychological state aroused by specific characteristics of the learning situation (situational interest). Situational interest is spontaneous, fleeting and shared among individuals. It is an emotional state evoked suddenly by something in the immediate environment and might have only a short-term effect on an individual's knowledge and values (see more Schraw & Lehman, 2001 ). When interest is measured by surveys, the outcomes more reflect personal than situational interest because after a certain situation, it is challenging to recall one's own feelings (Schiefele, 1999) . However, our study offers a new way to collect information also from situational interest.
Students' self-evaluation of their skills plays a role in investigating their engagement and motivation. In an ideal situation when so-called meaningful learning occurs, students are engaged in tackling the topic of the lesson in a way that creates significant and understandable knowledge structures based on the learning goals (Lavonen, Krzywacki, Koistinen, Welzel-Breuer & Erb, 2012) . Students' motivation emerges when they believe they are able, in other words, they have the skills to succeed at a given task (Brophy, 2008) . Additionally, providing students with appropriate challenges and opportunities to enhance their skills can be considered one of the most important ways of engaging them (Shernoff, Csikszentmihalyi, Schneider & Shernoff, 2003) . In this study, students' skills are interpreted as selfefficacy (Lavonen & Laaksonen, 2009) , including feelings of competence and control. Self-efficacy refers to individuals' beliefs in their ability to produce a desired effect through their actions (Bandura, 1994) , such as completing an on-going task. In this case, they have incentive to undertake similar activities and persevere in the face of difficulties in the future (Bandura, 1994) .
For students to be engaged, their skills cannot be overmatched or underutilised by the challenge presented by the on-going task (Csikszentmihalyi, 1997) . The concept of a challenge can be defined through the biopsychosocial model of challenge and threat (Blascovich, Seery, Mugridge, Norris & Weisbuch, 2004; Seery, 2011) . A challenge seems to be a relatively positive state in which an individual's resources meet or exceed the demands of the task. In contrast, a threat can be regarded as a negative psychological state in which the task's demands exceed the individual's resources. A challenge is proposed to be associated with positive emotions, increased energy levels and dedication to the task (Meijen, Jones, McCarthy, Sheffield & Allen, 2013) . In a learning activity, students are more likely to show higher level of achievement when facing a difficult challenge (Grant & Dweck, 2003) . [195] 11(2), 2015
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Optimal learning experience An optimal learning experience or flow seems to occur in situations when demands (challenges) and resources (skills) are both high (Csikszentmihalyi & Schneider, 2000) . In addition, the challenge offered by the on-going task and individuals' skills should be balanced so that individuals stretch their skills to the limit in order to achieve a challenging goal (Shernoff & Csikszentmihalyi, 2009) . Flow is only one outcome of the combination of challenges and skills. Other possible outcomes are apathy (low challenge, low skills), anxiety (high challenge, low skills) and relaxation (low challenges, high skills) (Csikszentmihalyi, 1997) . The benefit of flow theory is that it is not unique to a single domain (Csikszentmihalyi, 1990) . Flow state can occur not only during different tasks but also in business and free-time activities, such as sports. In this research, we attempted to catch moments in which students are in flow state in exact science, life science and other lessons at school. Given the school context, students were deemed to have an optimal learning experience. We also measured students flow state experiences outside school.
Gender and grade differences in science learning
Research on student interest and motivation has revealed that science generally is interesting for students, but most students, especially girls, do not find school science and technology or careers and occupations in these fields interesting (Bennett, Hogarth & Lubben, 2005; Krapp & Prenzel, 2011; Tytler, Osborne, Williams, Tytler & Cripps, 2008) . According to Osborne et al. (2008) , studies have shown that boys consistently have a more positive attitude to school science compared to girls. However, this gender difference is ambiguous. Gender differences in science learning can be explained by various reasons, such as differences in class experiences (Griffth, 2010) , a lack of opportunities to actively participate in science (Osborne et al., 2003) and community norms that reinforce traditional gender roles in science (Riegle-Crumb & Moore, 2014) .
Previous studies showed variations in how different students experience science teaching and learning. Gender differences can also be found in different science subjects. For example, girls usually are more interested in biology than in physics, while for boys, the opposite is true (Fairbrother, 2000; Lavonen & Laaksonen, 2009 ). However, in chemistry, the situation is more complex. Different studies have shown that girls have more positive attitudes towards chemistry than boys (e.g. Steinkamp & Maehr, 1984) and the opposite situation (e.g. Barnes, McInerney & Marsh, 2005) . Gender differences also seem to be influenced by the learning method and the content of the lesson (Cheung, 2009 ). In biology, students' success corresponds with their positive attitudes (Uitto, 2014) , self-efficacy and interest and the subject's importance (Uitto & Kärnä, 2014) .
There has been evidence of decreasing level of positive attitudes towards and interest in school science as students move from primary to secondary school (Gonzales, Williams, Jocelyn, Roey, Kastberg & Brenwald, 2008; Greenfield, 1997) . Some studies have also shown that students' achievement in science subjects decreases as their grade level increases (Bursal, 2013) . This trend might occur partly because the content of science subjects become harder for students based on the curriculum and time available for different contexts.
Measuring students' engagement
Students' engagement in a given situation usually has been measured with paper-and-pencil questionnaires (e.g. Fullan, 2007; Wigfield & Gambria, 2010) and observation (e.g. Malmberg, Hagger, Burn, Mutton & Colls, 2010) . It can also be measured with ESM (e.g. Csikszentmihalyi & Larson, 1987; Hektner, Schmidt & Csikszentmihalyi, 2007) . Compared to conventional research methods, ESM enables researchers to concentrate on situations in which engagement occurs. In this research, ESM was employed through smartphone technology. Smartphones and ESM have been used in research with adults and university students (e.g. Muukkonen, Hakkarainen, Inkinen, Lonka & SalmelaAro, 2008; Tolvanen et al., 2011) .
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In this study, we investigated Finnish students' engagement in science classrooms, distinguishing between the exact and the life sciences. In this study we were interested in students' engagement in different situations rather than in different context of the school subjects. We used a novel research method that allowed us to obtain detailed information on students' engagement in various situations. Considering the small sample size, we employed a more exploratory research approach. Our aim was to use ESM to look at how situational engagement occurs among Finnish students in different situations.
The research questions were:
• How does Finnish students' engagement occur in exact and life science lessons based on measurements of students' pre-conditions of engagement and actual engagement? • Are there differences in students' engagement according to gender, grade or type of situation measured?
Method
This study was part of the collaborative Finnish-American Eager Project. The questionnaire used in this study was designed in collaboration with researchers from Michigan State University and the University of Helsinki and based on similar protocols as those used in the Sloan Study of Youth and Social Development (for details, see Csikszentmihalyi & Schneider, 2000) .
Research instrument
Experience sampling method ESM has been used to observe students' consciousness, thoughts, feelings and other sensations which are hard to measure (Hektner et al., 2007) taking into account individuals' changes over time and differences between individuals in a group (Bolger, Davis & Rafaeli, 2003) . The baseline of ESM is that data collection lasts 7 days, participants receive 7-10 daily signals, the minimum time between two signals is 15 minutes, and completing an ESM questionnaire takes 2 minutes (Csikszentmihalyi & Larson, 1987 ). The sums for skills and interest were calculated, along with the z-scores of the sums for further analysis. Engagement was operationalised as the sum of the z-scores for skills (sum), interest (sum) and challenge. Students were considered to be engaged when all the z-scores were positive, showing that students' values for these pre-conditions were above average. Otherwise, students were deemed to be not engaged. To test the reliability of the sums, Cronbach's alphas were calculated using the questions that belonged to an item. Table 1 shows formulation of the questions used in this research and the Cronbach's alphas for sums.
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Data collection
The study was conducted during 2 weeks in the spring of 2013 and 1 week in the fall of 2013. Altogether, 68 students (31 girls, 37 boys) in the 9 th grade and 67 students (46 girls, 21 boys) in the 1st grade in upper secondary school participated in the study. The participants were selected from 2 schools which had already co-operated with the University of Helsinki. Before data collection, the study's purpose was explained to principals, teachers, students and their parents, and permission was obtained from them.
At the beginning of the study, the researchers visited both schools. The students received smartphones equipped with the Paco application (created by a Google engineer) and the ESM questionnaire, which aimed to immediately measure students' engagement in different situations. The phones were programmed to emit a signal during every science lesson and otherwise randomly throughout the day (from 8 am to 8 pm) so that the ESM questionnaire appeared 8 times per day. The students were guided on how to answer the ESM questionnaire. After each signal, they were allowed 15 minutes to answer the ESM questionnaire. If the students were unable to answer the questionnaire at a specific time for any reason, they were advised to continue with the next one. The questionnaire was the same throughout data collection. The students' answers on the ESM questionnaire were transferred to the Paco application's webpage after the smartphone was connected to the Internet. From the Paco webpage, students' answers were delivered to IBM SPSS Statistics 22 using the comma-separated values (CSV) format. Each student received an individual identification number from researchers, which enabled combining students' answers in different situations.
Data analysis
In this study, students' pre-condition of engagement and actual engagement were examined. To identify possible differences among groups, participants were divided by gender and grade. The situations in which students answered the ESM questionnaire were coded as follows: 1 = exact science, 2 = life science, 3 = other lessons and 4 = other situations. To estimate students' overall level of engagement in the classroom, the raw ESM scores were converted into z scores. The standardised z scores were also added to the analysis because of their greater sensitivity to the effect of the context on students' quality of experience (Shernoff et al., 2003) . The standardised z scores enabled examining Does the activity present a challenge? [198] 11(2), 2015 each student's individual experiences throughout the week. The z scores for pre-conditions indicated how students' answers were connected with one another. In other words, a 0 score was considered an average value of a pre-condition; a deviation, either positive or negative, showed how much students' pre-conditions deviated from their general answers. To explore how students' pre-conditions of engagement and actual engagement varied, we examined means (M) and standard deviations (SD) using z -scores. The students' answers could be treated as independent variables; therefore, we focused on the interaction between gender, grades and situations. Students' scores were converted to z scores, and MANOVA was used as the primary statistical test (compare to Shernoff et al., 2003) . We used gender, grade and situation as the independent variables, and the pre-conditions of engagement and actual engagement as the dependent variables. The participants gave a total of 3,683 answers in response to the incoming signals for data collection, with an average response rate of 40.5 per student (with the number of answers at 22.7). To assess the relationship between different factors (gender, grade and type of situation) and students' pre-conditions of engagement and actual engagement, Pearson's correlations were calculated, and MANOVAs were conducted.
Results
Students were grouped by gender (0 = female, 1 = male) and grade (9 th or 1st in upper secondary school). Different situations were grouped according to students' answers to the 'Where are you?' question, while life and exact sciences were coded using students' school schedule. Table 2 shows students' individual z scores for the pre-conditions of engagement and actual engagement according to gender, grade and type of situation. In Table 2 , a z score of 0 represents students' average stage. A z score higher than 0 indicates that students showed a high level of skill, interest, challenge or engagement, while a z score less than 0 a low level. We used z scores to identify individual differences.
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Pearson's product-moment correlation coefficients explored the relationships of gender, grade and situation to the pre-conditions of engagement and actual engagement. Pearson's correlations are shown in Table 3 A Pearson product-moment correlation was found to be statistically significant-r(3131) = -.073, p < .001 and r(3118) = .059, p = .001 -indicating a strong negative relationship between grade level and skill and a strong positive relationship between grade level and engagement. A second Pearson correlation was found to be statistically significant -r(3131) = -.136, p < .001, r(3583) = -.141, p < .001 and r(3614) = .218, p < .001 -indicating a strong negative relationship of situation and skill to situation and interest and a strong positive correlation between situation and challenge. In addition, we used MANOVAs to conduct statistically significant differences analysing the background variables of grade and situation separately. Table 4 shows how grade level was entered into a MANOVA as the dependent variable. Pillai's criterion was used because it is robust and appropriate for situations with unequal sample sizes. The multivariate test statistic was significant: F (4, 3113) = 11.862, p < .001, η 2 = .015.
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Significant univariate effects were found for grade and skill (F(1, 17.247) = 17.411 P < .001) and for grade and engagement (F(1, 10.724) = 10.758, p = .001). The results for grade and interest and for grade and challenge were not significant. Janna Linnansaari et al. .280
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Significant univariate effects were found for situation and skill (F(3, 23.593) = 24.223, p < .001), for situation and interest (F(3, 28.231) = 29.138, p < .001) and for situation and challenge (F(3, 79.926) = 86.300, p = .001). The results for situation and engagement were not significant.
Discussion and conclusions
Our aim was to explore how Finnish students' engagement occurs during exact and life science lessons and how it varies according to gender, grade and situation. Given the small sample size, we used an exploratory method to investigate students' pre-conditions of engagement and actual engagement in various situations. We used a novel data collection method, which allowed us to collect more than 3,600 answers about students' engagement in different situations as it occurred. By using this method, we were able to capture students' engagement immediately in the situation at hand, instead of using a survey later to ask them about their more general engagement. The data obtained from this study reveal a number of interesting findings, and our study provides new information from science classrooms, focusing on students' engagement and its pre-conditions at the exact moment they occur. Previous studies typically concentrated either on factors behind students' attitudes and motivation in science classrooms or on the contents and context that motivated or engaged students Lavonen, Byman, Uitto, Juuti & Meisalo, 2008a; Osborne et al., 2003) .
To be engaged, students need to have high levels of interest, skills and challenges. Our aim was to find out how these pre-conditions occurred for students daily over one week. We were interested in students' situational interest, which is a psychological state that is aroused by specific characteristics of the learning situation (Krapp, 2002) , is changeable and is partly under control of teachers (Schraw & Lehman, 2001 ). According to previous research in Finland, there is a difference between students' interest in science and in school science (Lavonen et al., 2008a; Lavonen et al., 2008b) . Our results reveal that students' situational interest in science lessons was not as uniform as in other lessons. In both grades, girls tended to be interested in life science lessons and uninterested in exact science lessons. In contrast, boys in both grades were highly interested in exact science topics but not life sciences. Our results are in line with those from previous studies in which girls seemed to be more interested in biology than in physics (Lavonen & Laaksonen, 2009) . In previous studies, physics has been considered uninteresting because it is difficult, irrelevant and boring for some students, especially girls (Williams, Stanisstreet, Spall, Boyes & Dickson, 2004) . Oon and Subramianiam (2010) conducted a study focusing on the declining interest in physics from teachers' perspective. According to the results, teachers feel that physics is difficult and abstract to students, and the perception that physics is for boys seems to arise from society (Oon & Subramianiam, 2010) . Previous studies have also presented girls as more interested in biology than boys. For example, a study on students in Israel pointed out that, even though students' overall interest in biology was relatively positive but not high, girls showed greater interest in it than boys (Trumper, 2006) , in line with the findings of this study. In addition, students' level of interest in biology correlated to their negative opinions of science lessons (Trumper, 2006) .
Students' interest in science subjects has been measured in different national and international contexts through surveys. Lavonen et al. (2005) revealed that science topics were interesting, especially in the case of girls, if they were connected to human beings. Similar results have been found when examining students' interest in biology. According to Uitto, Juuti, Lavonen and Meisalo (2006) , boys were more interested in basic processes in biology, whilst girls found human biology more interesting. In our results measuring students' situational interest using z scores, girls as a group were more interested in life sciences and boys in exact sciences. In our study, we did not control what happened in the class during data collection, so the contents of the lessons could have been more optimal for girls than boys. Our study revealed that boys' interest in science varied according to grade level. However, there was no pattern of decline or increase in students' interest. According to Hong, Shim and Chang (1998) , interest level among middle school students was highest among eighth graders.
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Another pre-condition which we observed was skills, which were defined to include students' selfefficacy, control of the situation and feeling of competence necessary in the situation. Students' skills play important roles in their motivation and engagement (Brophy, 2008) . When students' perceive themselves as having the required skills, they are encouraged to undertake similar activities in the future (Bandura, 1994) . Our results reveal that girls as a group evaluated their skills as above average in 9 th -grade life science lessons and below average in exact science lessons in both grades. Boys, on the other hand, evaluated their skills as above average in exact sciences and below average in life sciences. Programme for International Student Assessment survey data from 2006 showed a somewhat similar result: Boys' science-related self-efficacy was higher than that of the girls (Lavonen & Laaksonen, 2009 ). According to another study focusing on Finnish students and their motivational orientations in science (Lavonen et al., 2008) , boys perceived science as a little easier compared to girls. This result can be interpreted to indicate boys more highly evaluated their skills in science than girls. In the present research, grade, not gender, had a significant correlation with students' skills.
The third pre-condition is challenge. Challenge is an important factor for engagement. When students encounter a challenge that can be overcome, the feeling of a challenge can arouse positive emotions and increase the levels of energy and dedication to the task (Meijen et al., 2013) . The most notable, important finding for science education was that boys did not seem to be engaged in life science lessons nor girls in exact science lessons. Students' level of challenge has a relationship to effective learning strategies and students' mastery goals (Ames & Archer, 1988) . Furthermore, students' feelings of positive challenges, meaningful lessons and engagement seem to be related (Shernoff et al., 2003) . According to our results, grade had a small, significant difference with challenge. However, situation had the strongest correlation with pre-conditions of engagement.
When planning the content of science subjects, science educators should take into account how to support students' self-efficacy, increase their interest and offer appropriate challenges. These three pre-conditions can be seen as a bridge to engage students in learning science. This research has demonstrated that ESM can be used to gather information from various situations. In addition, students' situational evaluation of their feelings and thoughts enables teachers to examine more closely, for instance, how different teaching methods engage students in the lessons.
The most important result for science teachers and educators is the need to know when and how students can achieve an optimal learning experience. The optimal learning experience, or flow state, is important for learning because in this state, students perceive their performance as pleasurable and successful (Nakamura & Csikszentmihalyi, 2002) . Our results reveal interesting findings about engagement. In both grades, girls were engaged in various situations in life science lessons and boys in various situations in exact science lessons. Students in the 1st grade of upper secondary school had a higher level of engagement than 9 th graders. However, there were lessons in which students as a group did not engage at all. Among 9 th -grade girls, these were exact science lessons, and among boys in both grades, these were life science lessons. In science education, it is highly important to find a way to engage students because of the declining level of science orientation (Osborne et al., 2003) . It is important to recognise that most previous measurements of interest were operationalised through surveys; in contrast, we gauged interest in authentic learning situations through ESM and smartphones. Therefore, the findings of the survey assessments are consistent with those of ESM measurements in specific situations.
Limitations and recommendations
Some limitations should be taken into account when interpreting our results. The sample included only two schools that had worked with the University of Helsinki and whose students were used to participating in different kinds of research. As well, students in both schools had performed well in science subjects. To obtain additional evidence of students' situational engagement, this study should [203] 11(2), 2015
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be replicated and include a greater number of schools and students from different areas. In addition, students' general engagement could be studied through a background questionnaire, whose results could be compared to those for students' situational engagement. In this research, we did not use other methods to support students' given answers, a limitation which could be addressed in future research. Combining students' questionnaires, interviews or video recordings with the ESM questionnaire could more accurately measure students' general and situational engagement and could improve the reliability of the study.
The validity and reliability of ESM can be examined through quantitative analysis, interviews or questionnaires investigating how students and teachers feel about ESM (see more Csikszentmihalyi & Larson, 1987) . The reliability of ESM could be analysed by dividing the week in half and looking for consistency in the answers, using the means and standard deviation and examining the sampling accuracy. Validity could be examined by focusing on the situational validity of the answers, the characteristics and variation of experiences and the differences in experiences between groups. Validity and reliability of this study will be discussed in a future paper. However, our results have shown that ESM is a valid method for measuring students' situational engagement.
